sured using mesh-replica method by collaborating seven organizations in SERD (Sputter etching rate database) project of SASJ (Surface Analysis Society of Japan). We have obtained the sputter etching rate ratios of Si to SiO 2 from these results.
A SiO 2 film is most familiar as a reference material with the depth marker, though it may be degraded by beam irradiation. On the other hand, the characteristics, such as crystallographic index and its purity, of Si substrate is well-defined and very stable against beam irradiation. Then we are considering that Si may become a candidate of a good reference material for sputtering rate when using the mesh-replica method.
Experimental
The specimens used were 100 nm-thick SiO 2 film and Si(100) substrate and sputtering processes were carried out by the AES apparatus (PHI, Model-650, 660, 670, and 680) and the XPS apparatus (PHI, Quantum 2000), as shown in table 1, with monitoring of elemental distribution in depth. The SiO 2 film was thermally grown on a Si(100) substrate and the thickness was determined by ellipsometry in our laboratory. Table 1 List of apparatus, ion gun type, and stylus profilometer used in the organizations. profilometer image after sputtering. Using these data, sputter etching rates of SiO 2 were measured by the mesh-replica method and the depth profiling method. Fig. 1(a) ). 3 to 5, it means we should pay attention to the data at the organization G. It is clearly found that the relative sputtering rates of Si to SiO 2 are linearly plotted independent of appa- ratus and sputtering conditions, and that the sputter etching rates of Si were almost the same as those of SiO 2 . It is also shown that the sputter etching rate ratios of Si to SiO 2 obtained from the depth profile method are slightly larger than those of Si to SiO 2 obtained from the mesh-replica method. This means that the sputter etching rate of SiO 2 which obtained by the depth profiling method is smaller than that of SiO 2 which obtained by the mesh-replica method. In Figs. 10 and 11, the dispersion of the sputter etching rate ratio is lager for the Ar + ion beam energy of 1 keV rather than that of 3 keV. In addition, the values for the organization G are particularly apart from a correlation line in Fig. 11 (a) and the point obtained by the organization F in Fig. 11 (b) . We are considering that the problem may be in ion gun or stylus profilometer, though it is impossible to conclude the reason. Moreover, we think that the sputter etching rate is independent of the incident angle of the ion beams from 45 to 59 degrees in this study, considering the data in Figs. of NRD is 1 (1/NRD 2 = 1 mm -2 ) , the sputter etching rates of the organizations A, B, C and D are clearly smaller than those of the organization E and F. These two cathegories of the organizations use different ion gun as shown in Table 1 , and it is thought that the characteristic of ion gun are shown.
Results and Discussion

Reported data from the collaborating organizations
Sputter etching rate ratios depending on the ion beam raster area
1 / (NRD along X, Y) 2 (h) (i) (j) (k) (l) (m)(n)
Correlation of Si and SiO 2 sputtering rates
Summary
We examined the sputter etching rate ratios of Si to SiO 2 , which were obtained by mesh-replica method as well as by the depth profiling method. The experiments were carried out by seven organizations in SERD project in SASJ. The sputter etching rate ratios of Si to SiO 2 were determined to be 1.05±0.16 and 1.11±0.07 for the Ar + ion beam energies of 1 keV and 3 keV, respectively, from the sputter etching rate of SiO 2 obtained by the depth profiling method. Those were determined to be 1.04±0.10 and 1.02±0.07 for the Ar + ion beam energies of 1 keV and 3 keV, respectively, from the sputter etching rate of SiO 2 obtained by the mesh-replica method. In both cases, the sputter etching rate of Si was obtained by the mesh-replica method.
From the results, it is found that the sputter etching rate of Si is almost equal to that of SiO 2 . It is also shown that the sputter etching rate ratio of Si to SiO 2 obtained from the depth profile method is slightly larger than that of Si to SiO 2 obtained from the meshreplica method, and we need further investigation to clarify the difference among these two methods. Moreover, the current study also shows the instrumental characteristics for the ion guns. If the additional experiments will be carried out using various types of ion guns, we are expecting that the detailed information is acquired.
